This paper is a review of essential oils and their use in foods, packaging materials and farm animals. Essential oils are aromatic oil liquids obtained from plant materials. They serve crucial roles as antioxidants, pathogen inhibitors and flavoring agents. Because of label appearance concerns, essential oils are increasingly used as food preservatives. Essential oils have a complex composition and properties that vary based on differences in field growth, postharvest and processing conditions. Chemical and physical properties of essential oils affect their ability to act as antimicrobials. The food matrix has a significant impact on the antibacterial properties of essential oils, based on factors like pH, fat and moisture content. Meat products have experienced broad application of essential oils as preservatives, while fish and seafood have seen limited use. Essential oils have been used to clean and preserve vegetables, rice and fruits. Food coatings and packaging materials have been treated with essential oils to enhance food preservation properties. Many factors influence the activity of essential oils in foods including synergism (vacuum packaging, pH, water activity, other preservatives and sodium chloride), antagonism (composition of food and sodium chloride) and additive effects. Many essential oils are regarded as safe, but under certain conditions, they may cause dermatitis and cytotoxicity. Challenges to the expanding use of essential oils as antimicrobials in the food industry include organoleptics, uniformity of composition, and emerging resistance of microbes.
Introduction
In recent years, the food industry has seen a major increase in consumer concern and awareness regarding food production and processing. The concern has created a demand for foods that are considered "natural," "all-natural," or "clean label", but also convenient. Satisfying this demand has posed a challenge to food safety because the majority of currently used antimicrobials and preservatives are synthetic and thus not considered "natural" or "clean" by consumers.
Essential oils (EOs) (or volatile/ethereal oils) are aromatic oily liquids obtained from plant materials such as: flowers, buds, seeds, leaves, twigs, bark, herbs, wood, fruits, and roots. They are obtained through expression, fermentation, enfleurage, extraction or steam distillation [1] . Of these methods, steam distillation is most commonly used in commercial production [2] . Paracelsus von Hohenheim, a 16th century Swiss reformer of medicine, is credited with the term 'essential oil.' He used the term Quinta essentia, to describe the effective component of a drug [1] . preservatives has been of increasing interest to scientists and consumers. There are approximately 3,000 different essential oils of which 300 are currently utilized commercially in the fragrance and flavor markets [2] . Many EOs are classified as secondary metabolites and possess antimicrobial properties making them important to plants defense [3, 4] . In 1881, De la Croix used essential oil vapors to analyze the antibacterial properties of secondary metabolites [5] . Since then EOs, and their components have been found to possess a variety of different functions from broad-range antibacterial properties [8] , to functioning as: anti-parasitics, insecticidals, anti-virals, anti-fungals/anti-mycotics, antioxidants/anti-oxigenic and as growth enhancers for animals [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . This paper is a review of… (or other appropriate statement of the purpose of the paper).
Disclaimer
This paper is not to be used as an all-encompassing source of information regarding EOs and their usage in food production, but only to provide a basic foundation on a variety of topics.
History
Spices have been used for centuries for their flavor and preservative properties [18] . The earliest mention of EOs was by Greek and Roman historians [1] . Distillation was used to extract and produce EOs more than 2000 years ago by the Egyptians, Persians, and Indians [1] . This process was improved upon by the Arabs in the 9th century [18] . By the 13th century EOs were being made by pharmacies and effects being described in pharmacopoeias [18] . However, their widespread use did not occur until the 16th century, after which they were traded in the City of London [19] . Later in the 16th century, two physicians in Strassburg, publish documents about the distillation and use of EOs (turpentine, juniper wood, rosemary, spike (lavendar), clove, mace, nutmeg, anise and cinnamon) [1] . In the 17th century a French physician, Du Chesne (Quercetanus), mentioned that EOs were widely used and most pharmacies stocked anywhere from 15 to 20 different oils [1] . Australians have been documented using tee tree oil since colonization toward the end of the 18th century, though it is believed that native Australians have been using it long before that [20] . In the 19th and 20th centuries, the use of EOs has shifted from being primarily medicinal to flavor and aroma [1] .
Currently EOs are primarily used for flavorings, perfumes and pharmaceuticals [2, 18, 21] . Individual components of EOs are also extracted from plant material or synthetically manufactured for use as food flavorings [22] . These components as well as the EOs themselves have been used extensively as flavor ingredients in varieties of food, beverages and confectionary products, as well as other products such as toothpaste [10] . EOs are also used for aromatherapy, but constitutes a very small portion of the market [2] . EOs have served as antibacterials in products as diverse as dental root canal sealers, antiseptics, and feed supplements [18, [23] [24] [25] [26] .
Processing
EOs are typically commercially extracted by means of steam distillation and solvent extraction. EOs are sometimes extracted by super critical fluids, like carbon dioxide, but the process is much more expensive [27] . There is a difference in organoleptic profiles between EOs that is obtained by solvent extraction versus steam distillation. This could be a sign of a difference in antimicrobial properties depending on derivation type [28] . EOs are extremely volatile and require dark, airtight storage to slow down compositional changes [5] .
Composition
EOs are composed of both major components and minor components. Compositional analysis of EOs is performed using either gas chromatography or mass spectrometry of the EO or the gas in its saturated headspace [5] . EOs can be comprised of up to sixty individual components, where major components can be up to 85% and minor components present as trace amounts [29, 30] . The composition of EOs from a particular species or plant can vary between harvesting seasons, geographical locations and even different parts of the plant itself [31] [32] [33] .
Phenolic compounds and their subclasses (coumarins, flavonoids, and EOs) have been shown to have antimicrobial functions [10] . The antimicrobial effects of spices and EOs has been widely accepted [34, 35] . Some of the major components of EOs that have antibacterial properties are listed in the appendix in table 1 and the structure of a number of antibacterial components are presented in figure 1. EOs that possesses high percentages of phenolic compounds typically has the strongest antibacterial properties against food borne pathogens [5] . Not only do these phenolic compounds act as antimicrobials, but they can also act to inhibit toxin production in food [36] . Table 1 . Major Components of selected a Eos that exhibit antibacterial properties. Both physical and chemical characteristics of EOs can affect their ability to act as antimicrobials. EOs and their components are hydrophobic. This enables them to partition the lipids found in the bacterial cell membranes and mitochondria, thus making the structures more permeable [37, 38] . The presence of a hydroxyl group in EOs and their components has been shown to greatly affect their ability to function as antimicrobials [37, 39, 40] . EOs can also disrupt the proton motive force, electron flow, active transport and coagulate cell contents [5] . They also can function to impair enzymes and enzyme systems that are integral to regulating and synthesizing structural components [5] . EOs may also inactivate or destroy genetic material, lending to their strength as antimicrobials [41] .
Testing
There is no standard test for antimicrobial measurement of possible preservatives, though the need has been discussed [42] . Due to the lack of standard testing, there is great challenge when attempting to compare the antibacterial properties of different EOs between studies. Different tests use different: amounts of agar, volumes of EOs, usage of solvents, volumes of inoculum, and dilutions of EOs. The minimum inhibitory concentration (MIC) is used by most researchers when reporting antibacterial properties of EOs. However, the definition of MIC varies between studies. Notwithstanding the difference variations, often the MICs of EOs determined by agar solutions appear to be approximate in the order of magnitude [5] .
There are a variety of different end point measurement systems, most often optical density (OD) is used. A time-kill analysis (survival curve plot) reports the bactericidal and bacteriostatic effects of EO by plotting the number of viable cells versus time. Scanning electron microscopes (SEM) are used to visualize the damage to cell walls and loss of cell contents. Often great care is taken when preparing samples to limit the differences between preparation methods. This helps to affirm results are strictly due to the effect of the EO [5] .
Until the early 1990s, very few studies of the activity of EOs had been published, despite their use by commercial food producers [43] . The antibacterial performance of EOs has been evaluated in studies that utilize in vitro testing; however, it has generally been reported that a greater concentration of EO is needed to achieve the same effect in foods [34, 44] . While this effect has been mentioned repeatedly, there is little definite explanation as to why this occurs. It has been suggested that both intrinsic and extrinsic properties are the cause to this difference. Intrinsic factors can include attributes such as: fat content, protein content, water content, antioxidants, pH, salt, etc. Extrinsic factors can include: temperature, microorganisms and difference in packaging [5, 34] .
Food Products
EOs antibacterial properties function differently between the products they are being used in. If the structure of the food has a gel structure it can greatly reduce the effect of the EO's ability to function as an antibacterial [45] . Due to the colony growth of some bacteria, it has been hypothesized that if the oil droplets are of a certain size, the bacteria within the colonies could be protected from the effects of the EO [5] . In comparing all the published data regarding EOs in food, the approximate ranking (in order of decreasing antibacterial activity) can be made: oregano/clove/coriander/cinnamon> thyme>mint>rosemary>mustard>cilantro/sage [5] . An approximate ranking of EO components is (in order of decreasing antibacterial activity): eugenol>carvacrol/cinnamic acid>basil methyl chavicol>cinnamaldehyde>citral/geraniol [5] . Extracted EOs are often favored over crude spices due to their superior stability during storage, microbial safety, ability to concentrate flavor profiles, reduced storage space requirements, and year round availability [46] .
Meat and meat products
EOs from cinnamon, pimento, oregano, rosemary, thyme, clove, balm, ginger, basilica, coriander, marjoram, fennel, Volume 4 • Issue 1 • 1000125 Madridge J Food Technol. ISSN: 2577-4182 savory, and basil have shown great potential as antimicrobial agents in meat and meat products. Cumin, garlic, oregano, and black pepper EOs have all been shown to inhibit the growth of spoilage bacteria [47, 48] . High fat content has shown to have a limiting (?) effect on the ability of the EO to act as an antimicrobial [5] . Sage has also been shown to have a high inhibitory activity against gram-positive bacteria in meat products [49] . Oregano oil was found to be effective against spoilage microflora when incorporated into meat and meat products [50, 51] . E. coli, Salmonella spp., L. monocytogenes, and lactic acid bacteria have all been shown to be affected by different EOs when added to meat and meat products [47] .
Fish products
As in meat products, a high fat content has been shown to reduce the effect of EOs as antibacterials. Oregano oil has been shown to have a high level of effectiveness [52, 53] . The spreading of EO on the surface of fish, as well as using EO as a coating on shrimp appear to inhibit natural spoilage flora [54, 55] .
Dairy products
Mint oil, cinnamon oil, cardamom oil and clove oils have been found effective against different bacteria when used in dairy products [52, 56] . Clove, cinnamon, bay and thyme were tested against L. monocytogenes and S. enteritidis in a soft cheese. The cheese with a higher fat content affected the ability of the oil to act as an antimicrobial. However, clove oil, was more effective in the higher fat cheese against S. enteritidis [57] .
Vegetables and Rice
Since vegetables have a low fat content a variety of EOs has been shown to have significant antimicrobial properties when used in washing water. EOs are more effective when there is a decrease in storage temperature and decrease in pH [52] . Carvacrol was effective at extending the lag phase and reducing the final population of B. Cereus, a prominent bacteria found in rice [34, 58] .
Fruit
Adding carvacrol and cinnamaldehyde to a dipping solution was found to reduce the viable count of natural flora present on kiwi, but was less effective on honeydew melon. This is potentially due to the difference in pH between the two fruits.
Other Applications
EOs have been not only been used as direct ingredients, which prevent spoilage or growth of bacteria/microorganisms, but also in a variety of other food applications. EOs have been added to edible films and coatings, to slow the growth of pathogenic and spoilage bacteria [47] . EOs have also been applied to storage films and trays for meat products. Incorporation of EOs into the diets of animals destined for slaughter and consumption has also been effective in inhibiting microbial growth after slaughter and processing [59, 60] .
Influences on activity
EOs and their components have a variety of effects on each other, other substances used in food production, substances naturally occurring in food products, and preservation methods. Synergism is defined as the observed effect of combined substances being greater than the sum of the individual effects. Additive effects occur when the combined effect is equal to the sum of all individual effects. Antagonistic effects are present when the effect of one or more compounds is less than if they had been used individually [42] . There have been studies that determined that some whole EOs have a greater antibacterial activity than major components mixed, suggesting that minor components are critical to the activity and thus may have synergism [61, 62] .
Lower levels of EOs and their components can be added to food products when combined with other preservation methods [47] . Some purported synergists of EOs that have been suggested, but not necessarily researched, include: low acidity/pH, low temperature, mild heat treatments, high hydrostatic pressure (HHP), preservatives (e.g. nitrite and nisin). As pH decreases, the EO is able to dissolve the cell membrane of targeted bacteria due to the hydrophobic properties of EOs [51, 52, [63] [64] [65] [66] [67] [68] [69] [70] . Foods that contain high levels of water have been shown to synergistically effect EOs [34] .
EOs antibacterial activity is greatly influenced by the atmosphere in which processing occurs. By lowering the amount of oxygen available, it is hypothesized that fewer oxidative changes can take place within the EOs and that anaerobic cells are more sensitive to the action of the EO [71] . Vacuum packing has had a synergistic effect with a variety of EOs [51, 72, 73] . Modified atmosphere packaging (MAP) is known for extending the shelf life of meat and poultry products. When EOs are added to MAP there is an increase in effectiveness when suppressing microbial growth [74, 75] .
The addition of sodium chloride has been shown to have both synergistic and antagonistic effects on both EOs and their components, depending on the circumstances of addition. In some cases it was shown to have aided in completely preventing growth and production of certain bacteria species, while when added and then placed in other scenarios, sodium chloride was shown to greatly reduce the effectiveness of other EOs and their components [58, 27] .
The compositional makeup of the food being treated with EOs can be antagonistic when it comes to the effectiveness of the EO to function as an antimicrobial. High fat and protein contents have been shown to protect the bacteria present in foods from the effects of the EO [76, 77, 52] . The physical structure of the food may also contribute factors that limit effectiveness of EO on microbial growth [50] .
Safety
A considerable amount of EOs and their components are classified by the United States Food and Drug Administration (FDA) as generally recognized as safe (GRAS) or have been approved as food additives [5] . Research has indicated that Volume 4 • Issue 1 • 1000125 Madridge J Food Technol. ISSN: 2577-4182 some irritation and toxicity can occur from EO exposure. Some EOs that are typically used in the medicinal and aromatherapy fields have been shown to relieve muscle spasms [78] [79] [80] . Some examples include: cytotoxicity in gum cells when EOs are added to root canal treatments [23] , in vitro cytotoxicity but not in vivo cytotoxicity [81] , and contact dermatitis when used frequently [82, 83] . Since many EOs have not been evaluated completely for their safety properties, it is suggested that before EOs become mainstream and used in higher concentrations, more detailed research should be conducted.
Challenges
While EOs have been used as flavoring ingredients for years, they still face some challenges for application as antimicrobials in the food industry.
Organoleptics
Many foods that are generally associated with herbs, spices or seasonings will be the least impacted by the increased use of EOs as antibacterials, due to the current presence of flavors attributed to EOs. However, foods that are generally not formulated using these flavors may be impacted, potentially negatively and positively, depending on the perception of the consumer. Due to the use of EOs as flavor ingredients, it is well understood that EOs have the potential to impart flavors when added to foods. Since there is little research into the organoleptic effects on a variety of foods this is an area that will definitely require further investigation.
Consistency
[I suggest renaming this section something like "Efficacy", "Uniformity" or "Performance". Consistency is most often used to describe texture or viscosity in foods (e.g. consistometer).
As stated earlier, consistency is often a challenge faced when using EOs [84] . The composition of an individual EO can be affected by a variety of factors including: time of harvest, variety, part of plant used, and method of extraction [5, [85] [86] [87] . In addition to these factors, research has shown that other factors such as: food composition, pH, temperature, and microbial load can all affect the ability of EOs to perform as antimicrobials [5, 65, 67, 70, [88] [89] [90] . Since EOs and their components are highly volatile, there needs to be more research into ways to enhance stability [91] .
Resistance
As with many other antimicrobials it is important to mention there is potential for the bacteria to become resistant to the effects of EOs. It is plausible that combining EOs with current antimicrobials could remedy this resistance, should it occur.
Conclusion
EOs are widely used as flavoring agents within the food industry. However, use of EOs as antimicrobials is nascent to the industry. There is a great need to continue investigation of EOs role as an antimicrobial. Research has shown a high potential for use of EOs to reduce growth of food pathogens and toxins [10] . As consumer demand for all-natural and clean products increases, EOs may be the best option to improve food safety in these products.
